mammalian orthologs, including the human genes cerebellar degeneration related-2 (Cdr2) and Cdr2-like [15] . CEN localization partially overlaps CNN at the centrosome. During the interphase/prophase transition, CEN localizes between centrosome pairs. Upon centrosome separation, as the nuclei enter prophase, CEN segregates asymmetrically with only one of the two centrosomes. As no other asymmetries have been identified during these divisions, this was unexpected. The functional significance of this asymmetric localization remains unclear. Significantly, CEN also localizes to the metaphase furrows. These localization studies combined with the fact that CEN specifically binds the carboxy-terminal domain of CNN make it an excellent candidate for a molecular link between the centrosomes and cleavage furrow.
Analysis of cen mutants support this interpretation. Strong cen alleles produce phenotypes very similar to the cnn B4 hypomorph described above. Like the cnn B4 mutant, cen mutants had no effect on microtubule organization. In addition, interphase actin-cap organization was normal in these mutants. However, cen mutant embryos displayed a high frequency of broken and weak furrows during prophase and metaphase. These defects readily account for the numerous spindle fusions observed in cen mutant embryos. Taken together, these data support a model in which the conserved carboxy-terminal domain of centrosome-localized CNN is essential for proper cleavage furrow assembly. CNN signaling to the furrow relies on CEN, a protein that localizes at the centrosome and cleavage furrow.
The specific function of CEN at the centrosomes and furrows remains unclear. Previous studies demonstrated that proper organization of the centrosome-associated recycling endosome is required for vesicle-based membrane delivery and proper actin organization at the metaphase furrows [16, 17] A recent study of how food-seeking behavior in the sea slug Aplysia becomes compulsive provides new insights into the neural mechanisms of operant conditioning.
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Smokers, drinkers and drug addicts find it difficult to kick their respective habit not only because they are dependent on the substances they take, but also because they often acquire various forms of habitual or even compulsive behavior as part of their addiction [1] . Behaviors associated with natural rewards, such as food or sex, can also become compulsive. At the systems level, a great deal is known about the neural mechanisms underlying the formation of some types of compulsive behavior, for example compulsive food-seeking [2] . But we still know little about the learning-induced cellular mechanisms that underly the switch from sporadic spontaneous actions to compulsive behavioral acts. In a study published recently in Current Biology, Nargeot et al. [3] used the marine mollusc Aplysia to reveal novel cellular and network mechanisms that contribute to the acquisition of compulsive food-seeking behavior through operant conditioning.
Operant conditioning [4] is a form of associative learning, which is thought to play an important role in the acquisition of compulsive behaviors. In operant conditioning, an association is made between an action (the operant) and a contingent reinforcing stimulus (for example, a food reward), such that the action becomes habitual and ultimately compulsive [1] . Aplysia is a highly advantageous model system for mechanistic analyses of food-reward learning, because the neuronal components of parts of its ganglionic nervous system that are responsible for the generation of feeding movements -the cerebral and buccal ganglia -have been identified and characterized [5] .
Indeed, the cellular and molecular mechanisms that underly food-reward operant conditioning already have been successfully investigated in Aplysia [6] [7] [8] [9] . These previous studies used stimulation of a branch of the esophageal nerve (En2) to substitute for food reinforcement during in vivo or in vitro operant conditioning and concentrated on plastic changes in a single decision-making or pattern switching buccal neuron (B51) that promotes food ingestion once feeding has started. The new study by Nargeot et al. [3] adds significantly to what has been reported previously by providing the first description of operantconditioning-induced changes in Aplysia at the level of pattern-initiating interneurons, the nerve cells that actually trigger feeding behavior. This was accomplished by combining a recently developed in vivo training protocol that uses a natural food stimulus [10] with in vitro recordings from up to four feeding patterninitiating interneurons and three nerves of the isolated buccal ganglia, an impressive technical feat.
An earlier study by Nargeot et al. [10] showed that, in Aplysia, a natural food reward increased both the frequency and regularity of impulsive biting movements of the radula, a chitinous, tongue-like organ responsible for manouvering solid food and non-food objects in and out of the mouth, respectively. That study further showed that these behavioral changes were correlated with the acquisition of stereotyped rhythmic bursting in buccal feeding motor pattern-initiating B63 neurons [10] . This was an important observation because it suggested that the neural plasticity underlying the selection of ingestive motor action [6] [7] [8] [9] and actual initiation of bites [10] are encoded at different cellular loci.
There was, however, a puzzling observation made in that study [10] for which the authors could not provide a mechanistic explanation by recording from B63 alone. In isolated preparations from control and noncontingently trained animals, artificial depolarization of B63 -leading to increased plateau potential driven bursting -increased the rate of fictive biting to conditioned levels, but did not increase the regularity of the motor pattern. This finding suggested that the learning-induced increase in cycle rate and regularization involve independent neural processes.
The new study [3] has revealed that both single neuronal and network plasticity underly the accelerated cycle rate and increased regularization in a set of elegant and technically highly demanding experiments. The authors operantly conditioned Aplysia specimens using their recently developed protocol [10] . The operant action was an individual bite occurring in animals that were made 'peckish' by presenting them with a small piece of seaweed (the food sea slugs love most) that they were not allowed to ingest. The reinforcing food reward was seaweed juice that was squirted from a plastic syringe into the buccal cavity of the animal towards the end of each bite when food ingestion would normally occur. After a 40 minute training session, the buccal ganglia were dissected out of control (no food reward), contingently trained (each spontaneously produced bite reinforced with the food stimulus) and non-contingently trained animals (food reward given randomly). In these isolated ganglion preparations, which already have been shown to retain cellular traces of associative memory acquired by the intact animal [7, 10] , the activity of a number of different neurons as well as nerves was recorded electrophysiologically in the absence of the reinforcing food stimulus.
But how did Nargeot et al. [3] decide which neurons to target in their new experiments? They were actually spoilt for choice: there were at least seven different types of previously identified pattern-initiating neuron to select from [5] . They could, however, record 'only' from up to four neurons simultaneously. Both previous work [11] [12] [13] and their own careful new experiments [3] showed that in only three electrotonically interconnected buccal cell types, the B63, B30 and B65 neurons, did the onsets of burst discharge reliably precede each motor pattern occurrence. Importantly, burst activity in either of these three neuron types can initiate patterned activity in the whole feeding network [3, [11] [12] [13] . But regardless of which neuron fires a burst first, the actual pattern initiating process is critically dependent on burst activity in the B63 neurons [3] , which were already shown to be critical for the in vitro expression of the in vivo conditioned response [10] .
The choice of B63, B30 and B65 neurons as the cell types to be recorded in this new study proved to be an excellent one. The most important novel finding from this combination of a highly suitable operant conditioning paradigm and well-chosen target neurons is that the electrotonic coupling between members of the pattern generating B63-B30-B65 network is increased after training with a natural food reward. This finding has relevance well beyond Aplysia learning studies, as it is the first reported example of the contribution of learning-induced changes in electrotonic connectivity to network plasticity.
Another key observation made by Nargeot et al. [3] was that, while in preparations derived from control and non-contingently trained animals any one of the three different cell types could lead the pattern generation on a cycle-by-cycle basis, in buccal ganglia from trained animals the B63 pattern-initiating neurons became the leaders. The combination of enhanced intrinsic bursting capability of individual components of the pattern generating network and increased electrical connectivity together provide the neurophysiological basis for both the increased regularity of the feeding burst pattern and its higher frequency after operant conditioning.
The work by Nargeot et al. [3] provides an excellent example of how discoveries in well-identified invertebrate networks can make valuable contributions to our understanding of the cellular mechanisms of even complex forms of behavioral plasticity, such as compulsive food-seeking behavior, and their links to operant conditioning, a ubiquitous but still little understood form of associative learning in animals and humans alike. How do cells know how big they are? Generally, cells of a given cell type appear to grow to approximately similar size, indicating that cell size is monitored and controlled [1] . The unicellular fission yeast Schizosaccharomyces pombe provides an especially appropriate model to study this process. These rod-shaped cells exhibit remarkable fidelity of size control; under normal conditions, cells grow by tip extension to 14 mm before entering mitosis and dividing medially. As cells elongate continuously in interphase (but not in mitosis), the size of the cells reflects the length of interphase; in effect, the cells act as their own cell-cycle ruler [2] . The annals of cell-cycle research have been founded on the characterization of mutants in which this size control is altered; mutant cells that are delayed or arrested in G2 phase grow too long, while those that enter M phase too quickly are very short. These types of mutant have helped to define a conserved network of cell cycle regulators -including Cdk1, cyclin B, Cdc25p, and Wee1p -that control the G2/M transition for entry into mitosis and influence cell size in yeast and animal cells [3] . However, the original question remains -how do these cells sense that they are big enough? Two recent reports now provide evidence that cell size may be sensed through an intracellular gradient of a protein kinase, Pom1p [4, 5] .
Entry into mitosis is governed by the conserved cyclin-dependent kinase Cdk1, a master regulator of cell-cycle control [3] . Cdk1 is regulated via tyrosine phosphorylation by the Wee1p protein kinase and tyrosine dephosphorylation by the Cdc25p phosphatase [3] . Regulators of Wee1p include the SAD (NIM1-like) kinase Cdr2p [6, 7] . Pom1p is a dual-specificity tyrosine-phosphorylation-related kinase (DYRK) that is best known in S. pombe as a regulator of cell polarity and cytokinesis [8] [9] [10] ; in animal cells it has been implicated in cell polarity and mitosis [11] . The new papers now demonstrate that Pom1p has an additional function in cell-cycle regulation. By measuring the length of cells expressing different levels of Pom1p, these groups show that Pom1p is a dose-dependent inhibitor of the G2/M transition [4, 5] . Genetic tests show that Pom1p functions in a pathway upstream of Cdr2p and ultimately acts to inhibit Cdk1p activity ( Figure 1A ). This link may be direct, given that Pom1p affects Cdr2p phosphorylation and can directly phosphorylate Cdr2p in vitro [5] , but the significance of these phosphorylation events remains to be established.
Although kinase cascades are a familiar theme in cell-cycle regulation, the different localization patterns of these components provide an interesting twist to the story, as this suggests how they may be used to sense cell length. Pom1p localizes at the cortex at one or both cell tips [9, 10] . Imaging analysis suggests the presence of a gradient of distribution that is strongest at the cell tip, and falls off in the middle of the cell [4, 5] . Further, Pom1p concentration in the middle of the cell is length dependent: it is higher in short cells, lower in longer cells [4, 5] .
In contrast, Cdr2p and Wee1p are localized in cortical dots at the middle of the cell [5, 12, 13] , and the distribution of these dots does not vary with cell size [4, 5, 12, 13] . These cortical dots have been previously shown to contain the cytokinesis factor Mid1p (an anillin-like protein), which organizes the assembly of the contractile ring in mitosis [13, 14] . The medial localization of these proteins is dependent on the position of the
